Mobile Guides are mobile applications that provide players with local and locationbased services (LBS) 
Introduction
Over the past few years the world has seen tremendous progress in wireless technology and mobile devices, with wireless networks becoming more pervasive and providing more bandwidth than ever before and mobile devices becoming progressively smaller and more compact. Although the latest generation of mobile devices (e.g., Apple iPad [4] ), has brought significant improvements both in terms of hardware and interactive features, the user interface (UI) is still based on the graphical user interface (GUI) first introduced in desktop environments. The improved hardware features have enabled designers to create cleaner UIs, but the new multi-touch style of interaction has forced them to ask for more compact information architectures (IA). The limited screen size and the size of the human fingertip make it difficult for users to swipe and touch screen icons, etc.
The Underlying Theory

The CASA Paradigm
The main reason to use ECAs in gamified mobile applications is to provide an interaction metaphor that mimics social face-to-face interactions between humans. In using this visual dimension of interaction, "natural" gameplay can be realised. In this type of gameplay, players interact with gamified applications without having to learn any complicated game commands, but rather in a natural and intuitive way [12] , much like in a real-world game. However, it is still an open question whether the metaphor of human-to-human social behaviour can be freely applied to human-computer interaction. Some encouraging evidence can be found in the work of Reeves and Nass; "Computers-are-Social-Actors" (CASA) [13] . In a series of studies, the researchers showed that people respond to computers as a whole and ECAs ( [14] [15] ) specifically, in a social manner, much as they do with other people. For example, in one of their studies, they found that users perceived being monitored by an ECA as having the same effects, as those when being monitored by a real-human being. More recent studies (e.g., [16] ) provided additional evidence that further reinforced the social aspect of ECAs. Although, this is encouraging news towards the general adoption of ECAs, it tells us nothing about whether the use of ECAs can actually provide a better paradigm for gamification than the existing methods (e.g., rich graphic elements [17] ) alone. Then, as the CASA-related studies were done in stationary computer environments, mobile players may not experience the same social responses towards an ECA. This is because in stationary environments, players are isolated from the rest of the world, while in mobile environments they are constantly interacting with other people and their surroundings. However, for the purposes of this paper, we will not rule out the possibility that the CASA-findings may also apply to mobile gamified mobile guide applications using ECAs.
The Theory of Multimedia Learning
Another part of the theory behind ECAs is their effects on multimedia information processing. A popular model of how humans process multimedia information is the cognitive theory of multimedia learning [18] . The theory is based on three main assumptions: (a) humans process information through two separate channels (auditory and visual), (b) the channels have a limited capacity and (c) that learning occurs when the learner actively engages with the cognitive processes of filtering, selecting, organising and integrating with existing knowledge. In relation to ECAs, empirical evidence suggests [19] that the use of auditory input encoded in a personal conversational style results in deeper learning of the provided information in e-learning applications. Furthermore, the notion of redundancy shows that the visual embodiment of ECAs has an important role to play in augmenting the facilitation of information comprehension. Redundancy can be defined as the quantity of identical information provided simultaneously from different communication modalities (e.g., text and images). As redundancy increases, so is the likelihood that the information provided to be understood. This is because even if the information provided by one modality results in confusion and misunderstanding the modality can be supplemented by providing the same information through another modality at the same time (or approximately at the same time). Therefore, augmenting an ECA's verbal channel with additional modalities for information transfer (e.g., body gestures and facial expressions) should directly affect comprehension of the provided information. Previous research has investigated this hypothesis and has shown that ECAs capable of augmenting spoken dialogue with relevant nonverbal behaviours can increase the learning effectiveness of pedagogical applications (e.g., [20] [21] ). A recent empirical study [22] has also shown that augmenting an ECA-based pedagogical application with game elements (e.g., stars as form of reward) results in increased usability and player acceptance, as opposed to an ECA-based application without game elements. Although, additional research is needed to evaluate the impact of the fusion of game elements and ECAs on the player's comprehension of the subject, the existing findings reveal their strong potential in provoking enhanced player learning in pedagogical applications.
The Simplex II Model
Investigating the potential effects of gamifying mobile applications with ECAs on the player's comprehension of cultural narratives requires a more analytical architecture of human cognition, than the model of multimedia learning can provide. We have chosen the Simplex 2 (see Figure 1 ) model of human cognition [23] , for two reasons: First, its application in investigating HCI problems has been validated by two large sample qualitative meta-analyses [24] . Similar theories of human intelligence (e.g., Sternberg's triarchic theory of human intelligence [25] have not yet been applied in this way. Second, the model captures a comprehensive understanding of human cognition, but it is yet simple enough to be easily adapted to assist in the design and evaluation of gamified mobile guides using ECAs. For example, the integration of Octalysis [26] with Simplex 2 was done with relative ease, as its architecture features a module for emotions and motivation. The model postulates nine modules of intelligent human behaviour, each of which can act partially independently of each other. Each module has implications for the design of multimodal instruction and the quality of the player's experience. In order to aid the understanding of the Simplex 2 model, we present each of these modules below, along with a discussion on the implications of each module for evaluating the cognitive accessibility of a gamified guide application design using ECAs [27] : Figure 1 . A depiction of Simplex II
# One: Executive Functions Module
This module supervises, coordinates and controls the cognitive processes taking place in the other modules. It acts as a control node to the execution of cognitive processes in the model, transferring and transforming information between the relevant modules according to the demands of the cognitive task and the player's prior experience. The design of a gamified guide application is not accessible enough, when it puts excessive demands to players in terms of task complexity, its learnability and the organizational skills required to complete it successfully. Also, a design is not accessible enough when it is not consistent with the task at hand. An example when this module is overloaded is when players are required to complete tasks as part of a gamified tour guide experience that include many and hard-to-navigate routes. This task requires the intense coordination and control of several of the modules (e.g., working memory and cognitive models) to complete successfully.
# Two: Perception/Input Module
This module takes sensory and perceptual information from the environment in the model. It holds, evaluates, maintains and rehearses information. The design of a gamified mobile guide application is not accessible enough when its input modalities (e.g., visual, auditory) are not adequate enough to match the sensory capabilities and skills of its intended players. An example when this occurs is when the design cannot automatically adjust to the light intensity around the mobile device to optimize the display viewability (e.g. to make the screen easier to see under bright sunlight conditions). 
# Three: Feedback Management Module
This module deals with the feedback a player needs when working with a system. A gamified mobile guide application is not accessible enough when it provides inadequate feedback in terms of sensory (too brief or too loud), timing, relevance of information and memory requirements. A good example is when the output of the guide application is poorly synchronised (e.g., the ECA's speech and gestures with GUI game elements) or the ECA's speech quality is too low (e.g., too loud, too soft or gaps while speaking) disrupting the flow of information, which in turn causes confusion to players.
# Four: Working Memory Module
This module operates as a working memory, providing, evaluating and transferring the required information to support the implementation of a cognitive task. Its storage capacity is limited. The design of a gamified mobile guide application is not accessible enough when the flow of cultural content is too dense or when the application cannot respond to potential cognitive overloads of the player's working memory (e.g., by automatically pause the flow of the cultural content).
# Five: Emotions and Drives Module
This module generates the emotional responses that emerge from the player's motive or drive itself towards using a gamified application, from the cognitive events and actions caused by the motive and from the achievement or failure of the desired goal. A design that is not accessible enough, will receive inappropriate emotional responses, which in turn may discourage players from using the gamified application again. For example, the use of game elements and/or an ECA in a mobile guide application system may prove to be a frustrating or annoying experience or not be serious enough for the task at hand. To account for what motivates players we have extended this module to include the eight core drives of the Octalysis gamification framework (see Figure 2 ). 
# Eight: Output Module
This module retains and generates responses, as a consequence of the cognitive processes taken place in other modules and habitual responses, based upon triggers in the environment. The design of a gamified mobile guide application is not accessible enough when given the skills of its intended players, it requires from them to respond unreasonably to its requests or it does not provide sufficient support to successfully complete its requests. For example, the application may require from players to navigate routes that require complex decisions without providing sufficient support or motivation (e.g., to award points for correct navigation decisions)
# Nine: Complex Output Sequences Module
This module augments the other output module, by supporting the development of complex responses. The design of a gamified mobile guide application is not accessible enough when given the skills of its intended players, it requires from them to uncover cultural narratives from locations that can reach after navigating complex routes or it does not provide sufficient support or motivation for players to successfully complete its requests.
The term cognitive accessibility (CogA) used above refers to the degree to which a player can cognitively access, interpret and respond to the information conveyed by an ECA (through speech and body gestures) and the application's game elements (e.g., points, step-by-step tutorials). Then, usability refers to the extent to which a player can interact with the ECA and the game elements to complete tasks with completeness (e.g., whether the player did a better job completing the tasks with the gamified mobile guide application), little effort (e.g., how quickly was the player able to complete the assigned tasks) and satisfaction [28] . From this discussion, it is clear that cognitive accessibility (CogA) is a pre-condition for usability, but not vice-versa. If the design of the ECA and/or the game elements hamper the player's ability to cognitively access the cultural narratives of a mobile guide system, it is unlikely that s/he will be able to actually use the system to achieve the desired tasks. From this point of view, one could also argue that usability is a subset of cognitive accessibility, as even routine tasks require some degree of cognitive processing to complete successfully. Despite this strong relationship though, each term refers to different aspects of the interaction process and hence, should be kept and evaluated separately.
The Theory of Distributed Cognition
A theoretical framework for research in mobile applications, cannot be completed without considering cognition beyond the individual (as illustrated in Simplex 2) and to the environment as a whole. In such a context, there is the need to extend what is considered cognitive to encompass interactions between people and resources and materials in the environment. From the existing HCI theories, we have chosen distributed cognition (DCog) [29] as a suitable theory to understand these interactions. As opposed to similar theories (e.g., Activity theory [30] ), DCog has three basic principles: (1) embodied cognition, (2) socially distributed cognition, and (3) culture & cognition that are easy to understand, and can be adapted with minimal effort to ECAs and gamified mobile guide applications. The principles are elaborated below, supported by evidence from the literature about the potential impact of ECAs and gamification:
 The first principle of DCog holds that cognition is embodied, which is the idea that the development of cognitive processes in people is strongly influenced by their immediate environments. In other words, this approach postulates a strong and complex relationship between internal and external processes which involves coordination at many different time scales, between internal resources such as memory and attention, and external resources such as the objects and artefacts, constantly surrounding us. A critical moment in this coordination, that can decide its success, is whenever the player needs to switch their attention focus from the virtual world of the mobile device, to the actual objects/artefacts of the physical world. An ECA could be used to effectively guide the player's attention focus towards these physical objects by helping the player in understanding the underlying structure of the physical space. It may, for example, help the player to locate a needed landmark when navigating a complex route by directing their gaze (through the use of proper gestures) towards its current location in the virtual world. This should allow the player to better locate the object in the physical environment.  The second principle of distributed cognition dictates that cognitive processes are distributed across the members of a group, according to the group's social organization. It can be argued that this form of cognition is driven by social elements such as, mentorship, acceptance, companionship, competition and envy. People's interactions in a group are influenced by and relate to other people. When the patterns of these interactions are stable, they reflect some form of underlying cognitive process. For example, a group member that excels in an area will motivate other group members to reach the same level. Then, group members are inclined to draw closer to other group members they can relate to (e.g., from the same hometown or with common interests). There is evidence in the literature that ECAs can improve the level of collaboration of students using interactive games [31] , but have no impact on the realization of short-term learning objectives.  The third principle of distributed cognition holds that cognition is not isolated or separable from culture, because people live in complex cultural environments. In this perspective, culture shapes the cognitive processes of people, artefacts and environments. The significance of gamification in culture and society as a whole has only recently started to be recognised. In education, a number of advocates of game-based learning see the development of educational games as a moral imperative, as learners of the "video game generation" do not respond well to traditional instruction [32] [33] . Then, in a wider recognition of the social and cultural importance of gamification, Raessens [34] sees a general "ludic turn" of the society where games take their place alongside film, radio and television in their impact on the production and reproduction on identity and culture. In relation to ECAs, the literature suggests [14] [15] that humans seek the same cultural traits in their communication with ECAs as they would in human-human communication. For example, Cowell & Stanney [35] showed that when players are given a choice to select a virtual character from a pool of characters with different ethnicities to work within a cooperative task, they would select a character that matches their own ethnicity.
Having included distributed cognition (DCog) in our theoretical framework, the terms of cognitive accessibility and usability are no longer sufficient to cover players and their interactions in whole environments. A more holistic, all-encompassing notion is needed to describe effectively those settings. The player experience, that is the overall experience players get when they interact with an ECA in a gamified application, fully satisfies this description. More specifically, the player experience refers to the cognitive accessibility and usability of an ECA-based gamified interface, and includes a number of factors that influence the experience the interaction evokes. Below, we identify these factors as part of the player's journey. Our research framework comes next that includes a number of suggested variables that could be empirically investigated.
The Player's Journey
The player's journey through a gamified application can be broken down into 4 distinct phases that needs to be optimised for player experience: (1) Discovery, (2) Onboarding, (3) Scaffolding, and the (4) Endgame [36] (see Figure 3) . Using the theoretical framework as a foundation, we can identify the mechanisms of cognition and the factors that influence the player's experience in each phase of the journey. As discussed above, the mechanisms of cognition are either related to the individual and/or are distributed among people and the environment. The factors affecting the player's experience can be intrinsic, extrinsic or both. To further investigate these factors we have identified a number of appropriate variables (see our proposed research framework) to evaluate existing design problems in gamified mobile guide applications using ECAs and generate new technological developments and new design solutions. The player's journey starts at the discovery stage, where the player first discovers and learns about the gamified application. The hard part of this phase is to mentally prepare the player to start and engage with the journey. To ensure a positive player attitude during this initial awareness stage, a design needs to be optimized for: (1) Perception and Input, (2) Emotions and Drives, (3) Executive Functions, and (4) Socially and Cultural Distributed Cognition. A factor that may impact the output of these cognitive mechanisms and hence, how accessible and/or usable a player finds a gamified application with an ECA is the intrinsic qualities of the player (see #Factor 1: Qualities of the Player). This phase ends when the player has started using the product. In the next phase (Onboarding phase), the player needs to become familiar with the rules and the tools (e.g., game mechanics, win-states) to play the gamified application. The emphasis in this stage should be on why players need to use the application and less on how they should use the application. To ensure that players have mastered the fundamental skills needed to use the application and to achieve the early-stage win states a design needs to be optimised for the cognitive mechanisms of the previous phase, as well as for:
(1) Working Memory, (2) Feedback Management and (3) Cognitive Model Construction. The two extrinsic factors that may impact the output of these mechanisms is the attributes of the gamified task (#Factor 2: Features of the gamified task) and the attributes of the ECA (#Factor 3: Features of the ECA). This phase ends when the players are fully equipped and ready to embark on the journey on their own. The third stage in the player's journey is Scaffolding. This is when players use what they learnt during the onboarding phase to try to achieve as many win-states as possible. To ensure that players will come back on a regular or daily basis to commit to the educational activities of the gamified mobile application a design needs to be optimised for the cognitive mechanisms of the onboarding phase as well as for: (1) Output; (2) Long Term Memory; and (3) Embodied Cognition. This phase ends when the players believe they have explored and tried what the application has to offer at least one time. The fourth and final phase in the player's journey is the Endgame. This is when the player starts feeling there are no longer unexplored features of the application. The hard part of this phase is to keep the player interested, so it never becomes boring to them. In this phase, a design should enable veteran players to develop complex output responses by utilizing what they already know about the gamified application in new and innovative ways. An extrinsic factor that can influence the output of the cognitive mechanisms in both phases is the attributes of the mobile environment players interact with (#Factor 4: Mobile Guide Enviroment). 
A Framework for Research in Gamified Mobile Guide Applications using ECAs
Our proposed research framework, draws on the theories discussed above and previous work in establishing a research framework for ECAs [37] . For each of the factors identified in the players' journey we propose a number of variables that we think an empirical study should start from. The list is by no means definite or conclusive as more variables are possible within each factor. We conclude our discussion with the variables that we have tested in our empirical studies.
# Factor 1: Qualities of the Player
Potential players vary, of course, in many ways. However, based on the cognitive mechanisms we identified in the discovery phase of the player's journey, we can derive certain qualities, that may quite likely to affect the player's experience. These qualities include:
Player Gender: The player's gender can play an important role in the player's overall perception and task performance with gamified mobile applications using ECAs. Recent research in the general gaming preferences and behaviours of current video game players [38] reveals that female players are more likely than males to play games from the gamified and Educational/Edutainment genres. In our empirical works, we found evidence that the attention grabbing strategies used by an ECA [48] impacted the retention of cultural narratives differently between participants of different gender.
Player Age: The player's perceptual capability can be differentiated greatly among players of different age groups. Players of older age groups often have reduced perceptual and cognitive abilities as well as motor responses compared to those in the younger age groups. Therefore, it is reasonable to expect that the player's attitudes and task performance when interacting with a gamified application using an ECA also vary across different age groups.
Player Type: Bartle [39] categorised players in four categories according to the player's personality traits: 1) Achievers: These are players who play to gain "points", equipment, rewards, progress levels, and other concrete measurements of succeeding in a game. 2) Explorers play to discover the area, and hidden places. They will go at great lengths to discover an unknown glitch or an easter egg. 3) Socialisers will choose to play a game for the social aspect rather than the actual game itself. 4) The killer players thrive on competition with other players and prefer fighting NPCs (Non-Playable Characters) as a way to progress in a game. The GamerDNA test can categorise players according to the type they mostly are, as it is unlikely a player to be of only one type. Different player types have different motivations, perceptions and may perform differently in a gamified mobile task featuring an ECA. For example, a player who is mainly of a killer type may find a gamified task without the element of competition as tiresome and dull.
Player Ethnicity: We have found evidence that the player's race impacts the way a player perceives an ECA. In particular, in our empirical studies in Greece, we found evidence that players would like an ECA that has more Greek-like characteristics [1] . However, it is still an open question how participants perceive a gamified task where the misinterpretations of their race (e.g., Blacks, Greeks, or other races) found in other media (e.g., Television) are present in the game. According to a research done in [40] most of the players who use games where racism and misinterpretation of blacks and Latinos are prevalent (e.g., Grand Theft Auto), are themselves part of those minorities or races. This shows that for players of video games a game is "just a game". However, this argument should not be applied in gamified mobile applications using ECAs. Due to the scarcity of previous research in the area, it is an open question how the players' race can influence the perception of those applications under realistic mobile conditions.
Player Class: The cultural homology perspective [41] [42] asserts that individuals in upper classes consume distinctively different types of cultural products than individuals in middle or working class occupations. A Google search suggests that this perspective applies to the consumption of video games as well. Specifically, members of the upper class are the main consumers of highcultural products among which is art-games [43] . Such games are a form of gamified applications designed to emphasise art or whose premise is intended to produce some kind of non-ludological reaction to its audience. On the other hand, middle and working classes seem to enjoy more mass culture and some surprisingly even violent crime video games (e.g., Grand Theft Auto) [44] . Therefore, it is reasonable to hypothesise that gamified mobile guide applications using ECAs will be more appealing to upper class players. However, to the best of our knowledge, there has not been so far an empirical study where the impact of the player's class has been investigated on their satisfaction and task performance with gamified mobile applications (of any kind). Hence, this remains an open question.
Other variables: Other player-related variables are "background knowledge" and "device experience"
# Factor 2: Features of the gamified task
The gamified task in which the player is asked to perform with the aid of the ECA can also vary in many different ways. Some of these features are:
Gamification elements: There are numerous gamification design elements that can be used to make an educational task as fun and engaging as a game. Each of these elements can be used in a form of ECA-driven scenarios and/or standard GUI elements. The Octalysis framework includes a number of game design elements that can be used as appropriate in the optimization of the experience in each phase of the player's journey. These elements include: PBLs (points, badges, leaderboards), narratives, appointment dynamics, thank-you economy etc. We have selected the elements that we think are relevant to the context of mobile guide applications and mapped them to the four phases of the player's journey (see Table 1 ). A detailed explanation of the elements can be found in [45] [46]. The list is not meant to be conclusive as additional elements could be added in each phase and/or some elements may not be appropriate. In our prototype mobile guide systems we used narratives in all phases of the player's journey, step-by-step tutorials in the onboarding phase and milestone unlocks in the scaffolding phase. The difficulty of a navigation task might be simple, in which players have to achieve a series of milestones consisted of finding landmarks and locations that are easy to locate to successfully complete the task. Alternatively, a player may carry out a more difficult navigation task where they have to achieve more complex milestones (consisted of harder to find landmarks and locations) to successfully complete the task. An ECA could impact differently how difficult players find each type of route and on the efficacy of the navigation task.
Competition: How players perceive and perform in tasks with gamified mobile guide applications is most likely affected by whether and how the task introduces competition. A competitive task may require players to compete against time, against other players or against themselves. From these options, we view a treasure-hunt style of guidance as an effective way of introducing competitive tasks for players who want to experience them (e.g., long-term visitors of an attraction). Such tasks require players to achieve a goal (e.g., to find an item) by uncovering clues hidden in the system's narratives about a specific tour. Players who choose this method to experience cultural narratives should be able to view the task performance of other players and who was able to achieve the final goal.
It is an open question how competitive tasks (as opposed to non-competitive tasks) affects the perception and task performance of players experiencing cultural narratives with ECAs in mobile environments.
# Factor 3: Features of the ECA
Like players, ECAs can vary in a wide variety across several features. These features include:
Visual presence: There is a limited empirical evidence to support the argument that conversational agents should be embodied in mobile guide interfaces. Additional research is needed to establish the impact of ECAs in mobile guide interfaces. For example, it could be found that voice or text alone is sufficient for the interaction to take place and for tasks to be completed successfully.
Multimodal behaviours:
An important component of the ECA's multimodal abilities is that of sensing the player and react with appropriate behaviours. Although computer vision technologies have endowed ECAs with the ability to sense various features of the player (e.g., emotions, head position, etc.), it is how an ECA reacts to these multimodal inputs that can impact the player's satisfaction and task performance. For example, an ECA can use humour or sarcasm as an effective strategy to get the player's attention back to the task at hand, when it was lost. On the contrary, a too forceful strategy will probably irritate players and disrupt them from the successful completion of the task.
Domain experience:
In the context of gamified mobile guide applications we hypothesised (see study five), that an ECA that uses minimal non-verbal behaviours would most likely be perceived as a less experienced tour guide than an ECA that uses a range of non-verbal behaviours. This hypothesis is according to the real-life life scenario, where visitors of a tourist attraction will most likely find a human guide who makes sensible use of both verbal and non-verbal channels as more experienced than a human guide who speaks continuously and displays minimal non-verbal cues.
Natural language capabilities:
The ability of an ECA to process natural language and respond appropriately is important for a wide range of player-ECA dialogue tasks (e.g., Q&A dialogues, setting goals to achieve (e.g., find a location), providing feedback, reward achievement, etc.). Script-based approaches are generally very robust in matching an input question to an answer in the database. However, scripts require large databases with all possible Q&A pairs for a single question to work effectively. An alternative is to process the semantics of human language, which, however, requires the input to be formed in the correct grammatical form. This is most likely to result in players having to rephrase the same question several times. Although this could benefit task performance (as the player has to review the content a number of times to rephrase the question), it may have a detrimental impact to the overall player's experience.
Other variables: Other ECA-related variables are: "amount of embodiment", "modality of communication", "type of non-verbal cues", and "ECA gender".
# Factor 4: Mobile Guide Environment
The environment in which the mobile guide operates can, of course, varies in many ways. These include:
Indoor/Outdoor: We distinguish two types of mobile environments for which a mobile guide system and an ECA should be tailored for: an indoor mobile environment (e.g., a museum) and an outdoor mobile environment (e.g., a castle). Because of the unique nature of each environment, the potential impact of ECAs on the player's experience is also distinctive. For example, in an outdoor environment the task of uncovering information about an attraction may be, by itself, a less efficient task than in an indoor environment. This is because the player may have to devote more mental and physical resources to complete the assigned task. For this reason, it cannot be assumed that an ECA has the same impact on the player's experience across the two environment types.
Other variables: Other environment-related variables are: "features of the environment".
In the studies reported below, we addressed the following eight variables: player gender, ECA visual presence, ECA domain experience, natural language abilities, multimodal behaviours, navigation difficulty, and personalisation of narratives.
Experimental Studies
A series of six experimental studies were conducted within the above research framework, with the aim to investigate the impact of the above variables on the player experience of mobile guide applications. The studies were conducted in the laboratory under simulated conditions using highfidelity mobile guide prototypes. To simulate the routes and attractions, participants would visit in a real medieval castle (namely the castle of Monemvasia), we used immersive panoramic and video interactive applications projected on the wall of the lab. The mobile guide applications included a realistic female ECA capable of a range of verbal and non-verbal behaviours in the role of a tour guide of the castle. In total, 97 participants took place in all six studies from a variety of academic and mobile computing backgrounds. A variety of methods were used for data collection including, post-task interviews, 7-point Likert questionnaires [47] , written retention tests, protocol analysis, eye-tracking and facial expression. Table 2 shows a synoptic view of the design of the six experimental studies. This is followed by a brief description of each study and their major findings. An analytical discussion of the studies and their results can be found in [48] The first study [1] , evaluated the impact of a multimodal ECA on the cognitive accessibility and usability of a prototype tour guide system. In this study, a prototype system with a multimodal ECA was compared with a non-ECA control (that uses voice and text-subtitles). The potential effects of the ECA on the retention of personalised cultural narratives (with type personal interest) and the efficacy of navigation on routes of the castle were both addressed. To successfully navigate a route players had to unlock a series of milestones consisted of discovering landmarks and locations of the castle. The findings of the study suggest that the presence of the multimodal ECA had a zero effect (neither detrimental or beneficial) on the participants' ability to recall cultural narratives personalised according to their personal interests and from different locations of the castle. However, there was a positive impact of the ECA on the participants' ability to navigate routes that required slightly more complex navigation decisions. One last important finding that emerged from the study is that the degree of narrative personalisation can affect the participants' attitudes towards the mobile guide systems, the gamified tasks and the ECA Therefore, the primary focus of a system's designer should be on improving the cognitive accessibility of the cultural content, with the improvement of the system's technical performance to be a secondary goal. The ECA zero effect was repeated in the second study [50] . In this study, we varied the narration between the ECA and the non-ECA control more aggressively by exposing participants to simple and technical narratives. We found that the visual presence of the ECA had neither a detrimental or beneficial impact on the participants' ability to recall information from narrations with different degree of difficulty. However, we also found that a visual ECA with text as an additional output modality can positively impact the participants' attitudes towards the technical content which could potentially lead to enhanced retention of technical information.
In the third study [51] [1], we varied the navigation difficulty between the ECA and non-ECA control more aggressively by exposing participants to simple and complex to navigate routes. We found an ECA zero effect (neither beneficial nor detrimental) on the participants' ability to navigate routes with different degree of difficulty. However, participants thought that the navigation instructions presented by the ECA were clearer and better presented than the non-ECA control. Furthermore, participants thought that the more difficult to navigate route was more interesting when they experienced it with the ECA than with the non-ECA control. Therefore, it was concluded that although an ECA does not enhance the participant's ability to navigate routes of different difficulty, it was more useful in helping participants to decide where to go than the non-ECA control. The fourth study [49] examined the variable natural language capabilities of ECAs. In particular, it investigated how the two popular approaches to processing natural language (a script-based [52] and a parser-based approach [1] ) and specific styles of Q&A can affect the participants' retention of cultural narratives and quality of the player's experience. We found that retention of cultural narratives is directly affected by the accuracy of the method for processing natural language in Q&A. In the study scripts outperformed parsing in terms of the accuracy of answers provided to input questions. This gave participants less chances of becoming distracted and to overlook important pieces of information in the narratives. Then, we found that when the desired output of a Q&A session is enhanced retention, participants should be motivated by the ECA to ask as many questions as possible about the narratives. This encourages participants to revisit the narratives more than once to come up with the required questions which in turn, could lead to enhanced retention. However, special care should be taken to properly motivate participants to avoid becoming frustrated by the repetitive activity. A last important finding is about when the Q&A system fails to return an answer to the player's question. To ensure an optimal Q&A session, the system should request players to repeat a question once. Alternatively, the system's fail-safe responses should be built in a way that enable players to figure out how to properly ask questions to avoid this type of responses.
In the fifth study [1] we investigated the impact of the ECA's domain experience on the retention of cultural narratives. It was assumed that domain experience in this scenario is the ability of the ECA to effectively use non-verbal means, and pauses in speech to augment verbal communication.
We found evidence of the importance of the ECA's body language and pauses in speech in presenting cultural heritage narratives. In particular, the study showed that the mere presence of an ECA on a mobile interface is not enough to engage participants with cultural narratives. For participants to consider the ECA as part of the experience it needs to display relevant and wellsynchronised verbal and non-verbal behaviours. The sixth and final study investigated the impact of an ECA's output multimodal behaviours on the retention of cultural narratives using a custom research method [48] . Participants experienced a mobile guide application featuring an ECA that portrayed two types of attention-grabbing multimodal behaviours (humorous and serious) and a control application with an ECA without any attention-grabbing multimodal behaviours. We found that an ECA should not attract attention to itself more than necessary to avoid becoming a distraction from the flow of the narration. We also found that the attention-grabbing ECA had an inverse impact on the retention of cultural narratives in participants with different genders. Specifically, the ECA affected the female participants more than the male participants. Therefore, even when an ECA can autonomously react to the player's attentional state, a minimum threshold where the ECA should request the participant's attention should be established. This threshold is difficult to determine as the ECA must avoid becoming tiresome, but also must be effective enough to attract the participants' attention when it has diviated. A last finding that emerged from the study was that the multiple communication channels used by ECAs can result into increased cognitive workload for elderly participants. Hence, for those participants, designers should give the option to use conventional channels of communication such as text and voice to experience cultural narratives in gamified mobile guide applications.
Design Guidelines
On the basis of the findings of the empirical studies reported above, we have established a number of guidelines for optimising the player experience (as defined in this paper) in gamified mobile guide applications using ECAs. The guidelines are based on evidence generated from the studies and the authors' experience gained from the design and development of a number of ECA-based gamified guide applications for mobile devices. In total we have identified six categories and thirty-four recommendations that are presented in layman terms below:
ECA-Design
Sources
Study 1
Enable player-modified avatars. Allow players to modify the appearance of the ECA to match their individual preferences and needs. For example, empirical studies with Greek participants suggest that players would prefer an ECA with a more Greek-like appearance.
Study 5
Prefer an ECA with non-verbal cues over an ECA without such cues. We found evidence that body gestures and facial cues (e.g., smile, eye contact) make the player more visually involved with the content than not having these cues at all. This could potentially lead to a better retention of the narrated content. All studies Each ECA gesture should match accurately what is being said verbally. Participants in all of the studies suggested that the body language of the ECA should be improved. An ECA that displays asynchronously to the speech, gestures distracts players from the content it presents. Expert experience Ensure one gesture per sentence of the content. If you attempt to synchronise more than one gesture per sentence of the content, the gestures will most likely overlap making the character look unrealistic. [53] Avoid displaying negative facial expressions. Although participants in the studies did not notice the ECA's negative facial expressions, it is best to avoid them as they make the character look unrealistic. This is because the current ECA technology cannot offer consistent levels of behavioural fidelity to avoid the uncanny valley effect [53] . Adding negative facial expressions to an ECA, that looks like a human being, but does not exactly behave like one, will increase this effect and make the character look repulsive and less natural. Study 1, Study 6
Ensure optimal reactions to multimodal input. The ECA should respond to multimodal input (e.g., to request the player's attention) with a maximum one second delay and without the player's intervention. In any other case, enable players to turn-off the ECA's reactions and move on with the narration. 
ECA-Voice
Sources
Expert Knowledge
Avoid using the same voice tone. Vary the way the ECA speaks to add realism to narratives. For example, the ECA could talk faster, slower or stop speaking to attract attention.
Study 5
Adopt a moderate rate of speaking. If you are using a Text-to-Speech (T2S) engine, make sure you adjust its settings to create a moderate rate of speaking. If the voice still feels fast and unrealistic, introduce a 1s pause between the sentences of the content. All studies Prefer the voice of a real-human. The results from the studies suggest that participants prefer the voice of a real human instead of a voice generated by a text-to-speech (T2S) engine.
Multimodal Narrative/Content Design
Sources
Expert Experience
Have an expert human author to create cultural heritage narratives. Author content that is "unexpected" and "spontaneous". Some examples are: a humorous answer to a question posed by the player or an unexpected reaction to the player's lack of attentiveness to a narration. Study 1, Study 2, Study 3
Author content that is concise and right to the point. Author narratives with short sentences and without formalities (e.g., to be polite). Keep the navigation instructions to the absolute minimum.
Study 1
Create narratives that match the time-constraints of the visitors. The narratives should match the time-constraints of the visitors. For example, short stay visitors will most likely appreciate narrations of general interest about the castle. On the other hand, long stay visitors will most likely want to experience in full what the castle has to offer and ask for more elaborated narratives.
Author content of general interest. The results from the first study, suggest that participants would like narratives of general interest (e.g., about local shops, dances, etc.) to be included as a personalisation option in the prototypes.
Mobile Guide Application Design
Sources
Expert Experience
Avoid using menu-based dialogues in Q&A with an ECA. Unless built with an authoring tool, our experience suggests that menu-based dialogues are very time consuming to build and debug and are not easily extendible. The use of natural language is highly recommended as an alternative. All studies Design for touch interaction and for the latest generation of mobile hardware. Ensure the player interface elements (e.g., buttons, dialogue menus, etc.) on the application are large enough to avoid the "fat-finger" effect. Furthermore, avoid using hover effects (e.g., to highlight interface items) and right click menus. Finally, design the system's layout for both portrait and landscape orientations.
Study 2
Use text as an additional output modality when presenting technical narrations. We found evidence in study 2, that the careful use of text as an additional output modality of ECAs when narrating technical content can be beneficial for players. We recommend the style of text used in the study, that is, auto-scrolling subtitles synchronised with the narratives. 
Study 3
Avoid using text in navigation instructions. We found no evidence that using text when giving navigation instructions is beneficial for players. On the contrary, an ECA with a relevant body language was perceived as more useful in helping participants taking the correct navigation decisions.
Study 1
Use content-enabled objects. When the length of the ECA's main narration about a location must be reduced, use content-enabled objects placed on the background of the ECA. For example, an ECA can give a basic narration about a location, and then "invite" players to explore more about the location by tapping on the objects they are interested to learn more about.
Study 2
Enable the mobile guide application for QR-Code recognition. QR-Codes provide a cheap alternative to more expensive and complex solutions such as GPS, for physical location tagging. Study 2, Study 6
Give players control over the content and the visibility of the ECA. The minimum control over narratives players expect is a repeat and pause functionality. Then, an option to control the visibility of the ECA could benefit elderly players. We found evidence in study 6 that an ECA could result into elderly participants feeling overwhelmed by the narratives.
Interaction Design
Sources
Study 4
Prefer providing a random answer in Q&A dialogues, than no answer at all. Although a random answer may not be the right answer, it may contain fragments of the information the user is seeking. This should in turn result in an increased user satisfaction as long as this process does not take too much time.
When enhanced retention of cultural narratives is needed, motivate players to ask questions about the narrative. We found that when players ask multiple questions in Q&A, their retention of cultural narratives increases. However, our study also highlighted the importance of properly motivating participants to ask questions without becoming frustrated. A way of providing positive motivation is to reward players with points (or other collectables) for every question asked about the narratives. Points collected through Q&A (and other activities) can then be exchanged for gifts in the real world (e.g., a decorative plate from the castle of Monemvasia).
Study 6
Consider alternative types of ECA interruption messages for attracting attention. The results of study 6 suggest that both serious and humorous messages worked in attracting attention, but not in a player-friendly way. Hence, a combination of both humorous and serious messages will most likely work more effectively than each of the strategies alone. This is because mixing serious with humorous messages could result in diffusing any feelings of discomfort while attracting an adequate level of attention.
Use a limited number of requests to attract the participants' attention to the narratives. The ECA should request the participant's attention maximum 3 times. Then, it should rely on alternative strategies to attract attention (e.g., to stop speaking for a few seconds).
Give participants time to become familiar with foreign names used in narratives. Players should be given some time to become familiar with names that are foreign to their cultural background (e.g., Monemvasia). A short training session with the guide system prior to the beginning of the tour should enable players to become familiar with names that are unknown to them.
Study 3
Prefer images of landmarks for navigation over other methods. The literature suggests that photographs of landmarks can be an effective method of navigation in mobile guide applications [54] . Our experiences (see study 3) suggest that an ECA could help participants understanding the underlying structure of a landmark through the use of relevant verbal and non-verbal behaviours, which could result in improved navigation of routes in the real world.
Simulation Design for Laboratory Testing
Sources
Study 3
Use of high-definition sort-video clips over panoramas to simulate an outdoor environment. When testing in the field is not possible, use video clips to simulate an environment, over panoramas. Video-clips are easier and less expensive to produce. Furthermore, consider adding a treadmill to give players the "feeling" of walking from one location to another.
Study 1
Consider the use of more "natural" methods for player interaction with a simulated environment. To avoid problems with players having difficulty synchronizing the mobile guide application with the simulated environment, consider the use of more natural methods of interaction (e.g., Microsoft Kinect [55])
Conclusions and Future Work
The work, so far, shows the potential of the research framework to be used as a foundation for investigating the impact of gamified mobile guide applications using ECAs on the player's task performance and experience. Although, a part of the framework (i.e., Octalysis) has been used in the analysis of many commercial games for entertainment (e.g., [56] ), the whole framework is not meant to be used in this way. Its focus is on games and gamified mobile applications where ECAs play an important role and enhanced learning performance is the desired output of the interaction process. Based on the framework, we also explain some controversial terms in gamified applications using ECAs, i.e., what cognitive accessibility, usability and player experience mean, at least in this context. Our studies showed us that an ECA capable of displaying some of the communication strategies (e.g., non-verbal behaviours to accompany linguistic information, etc.) found in the real-world human guidance scenario is not effective in enhancing the player's ability to retain cultural content. However, we found that an ECA can affect the quality of the player's experience while accomplishing the navigation and information tasks. Given the positive impact of ECAs on the player's experience, the lack of effectiveness could be attributed to the simulated mobile conditions in the laboratory. The use of immersive media (such as video and panoramic images) to simulate real environments has the drawback that it does not allow an authentic evaluation of the player's experience. It is possible that if players had experienced the mobile guides in the actual castle, the ECA would have elicited better navigation of routes and retention of cultural narratives than without it. We plan to use our framework to drive additional studies in the real castle of Monemvasia. A variable of particular interest is competition, and how a competitive task may impact the perception of a gamified mobile application and the player's task performance. It will be interesting to compare the results of a group with players that choose to compete in a "treasure hunt" style of taking a tour in the medieval castle with the results of a group with players that choose to take a regular tour in the same location.
